Murine AIDS (MAIDS) is characterized by splenomegaly, lymphadenopathy, hypergammaglobulinemia, T-and B-cell immune dysfunctions, increased susceptibility to opportunistic infections, and late appearance of lymphomas (for reviews, see references 22, 28, and 29) . The disease is induced by a defective retrovirus (1, 7) which appears to encode a single gene product, the Pr60 gag protein (7, 17) . By using helper-free stocks of this defective virus, which allow initial cell infection but no cell reinfection and no virus replication (18) , it has been possible to determine that most of the cells infected by the defective virus belong to the B-cell lineage (20, 38) . These cells were found to proliferate markedly and to expand clonally after being infected (18, 20, 38) . These studies did not determine whether mature B cells are initially the target of the virus or whether more immature B-cell precursors are initially infected and differentiate after being infected.
The mechanisms by which MAIDS develops are poorly understood. Although CD4 ϩ T cells are all profoundly anergized in MAIDS (1, 5, 12, 30, 32) , they are rarely infected when helper-free stocks are used (38a) . However, the presence of both T-and B-lymphoid cell populations has been reported to be required for MAIDS development (4, 14, 24, 31, 40) . Mice depleted of CD4 ϩ T cells by anti-CD4 antibody treatment became resistant to MAIDS (40) . Nude mice were also protected from lymphadenopathy, splenomegaly, and hypergammaglobulinemia after inoculation with the replication-competent LP-BM5 MAIDS virus stocks (14, 31) . Similarly, mice depleted of mature B cells with anti-IgM antibody treatment and Ϫ/Ϫ knockout mice were also resistant to MAIDS (4, 24) . Together, these results suggested that the contribution of several cell populations might be required to allow the initially infected B cells to proliferate and to induce the severe immune defects seen in MAIDS.
It has not yet been determined whether B cells were infected and expanded in the MAIDS virus-infected nude or CD4 ϩ T-cell-or B-cell-depleted mice. In view of the importance of this B-cell population in MAIDS, it appears critical to determine whether the resistance to the disease prevents this B-cell infection and proliferation or whether resistance is manifested in the presence of proliferating infected B cells and whether CD4 ϩ T cells are required for the initial infection of B cells. To gain additional information on the importance and contribution of various lymphoid cell subsets in the development of MAIDS, we studied the susceptibility of mutant mice (nude, CD4 Ϫ/Ϫ knockout, and SCID mice) to the MAIDS defective virus. The nude mice suffer from a congenital thymic aplasia leading to the virtual absence of functional lymphoid T cells, with no impairment of B-cell numbers (21, 35) . The CD4 Ϫ/Ϫ knockout mice harbor a null mutation of the CD4 gene and have no mature CD4 ϩ CD8 Ϫ T cells but have normal populations of mature CD8 ϩ CD4 Ϫ T cells and of B lymphocytes (36) . The SCID mice are severely deficient in both numbers and functions of mature T and B cells due to the impairment of the VDJ recombinase system required for the T-cell receptor and immunoglobulin (Ig) gene rearrangements (3, 37) . Development of both T and B cells is aborted at an early stage of differentiation. This deficit in lymphocyte maturation is reflected by an abnormal thymus that is sparsely populated with immature lymphocytes and by the virtual absence of T and B cells in the peripheral lymphoid tissues (10, 11) . However, the early B-cell precursors until the pro-B stage are present at normal levels in the bone marrow (16) and are highly susceptible to transformation by the Abelson murine leukemia virus (MuLV) (13) . In the SCID mice, the myeloid lineage is not affected and develops normally (2, 11) . Therefore, infection of SCID mice may help in identifying the stage at which cells of the B lineage are infected.
We report here that SCID mice are poorly infectable by helper-free stocks of the MAIDS defective virus whereas nude and CD4
Ϫ/Ϫ mice exhibit modest populations of MAIDS defective virus-infected B cells but no enlargment of lymphoid organs. These data suggest that the infection of the primary target B cells by the MAIDS defective virus and the subsequent lymphoproliferative disorder have different requirements for CD4 ϩ T-cell factors.
MATERIALS AND METHODS
Animals and viruses. Inbred C57BL/6 mice and athymic nude mice were purchased from Taconic (Germantown, N.Y.). The athymic (C57BL/6 ϫ BALB/ c)F 1 mice, their euthymic littermates, and the C57BL/6 SCID mice were from Jackson Laboratory (Bar Harbor, Maine). The BALB/c SCID mice were kindly provided by B. Phillips (Hospital for Sick Children, Toronto, Ontario, Canada). The CD4 Ϫ/Ϫ knockout mice have been described previously (36) and were obtained from the colony at the Ontario Cancer Institute, Toronto, Ontario, Canada. They were bred on a C57BL/6 background for five generations before being used for the present experiment. These mice were screened by examining tail DNA with a probe for the gene for resistance to neomycin (Neo probe) or a probe derived from the mouse CD4 gene (15, 22) , which allowed us to type heterozygote from homozygote knockout mice. The mice were housed in our conventional animal room or maintained in a pathogen-free environment, consisting of an air-filtered isolator (Isotec). For mice in the isolator, food pellets, water, and bedding were sterilized by autoclaving. Young (30-to 40-day-old) mice were inoculated twice intraperitoneally (i.p), as described previously (18, 19, 20) , with helper-free stocks of the defective MAIDS virus, either the wildtype Du5H (18, 20) or the chimeric Du5H/Mo-LTR, which harbors long terminal repeat (LTR) sequences from Moloney MuLV (20, 38) . The mice were sacrificed about 45, 60, or 125 days postinoculation (p.i.).
Tissue samples. At the time of sacrifice, selected organs were fixed in freshly made 4% paraformaldehyde-phosphate-buffered saline and embedded in paraffin, as described previously (20, 23, 33) , or were frozen by immersion in liquid nitrogen and stored at Ϫ80ЊC.
Probes and in situ hybridization. Hybridization of paraffin-embedded tissues was performed as described previously, with 35 S-labeled RNA probes (20) . Southern and Northern blot analyses were performed with 32 P-labeled DNA probes. The specific Neo, CD4, C , D30, D34, ecotropic MuLV (Eco), and Moloney MuLV U3 LTR RNA probes have been described elsewhere (6, 15, 20, 27, 33, 38) . The D30 probe was derived from the unique region of the MAIDS defective viral Du5H DNA (1). The D34 probe comprises nucleotides 3902 to 4184 of Du5H (18) . The specificity of these probes has been discussed previously (1, 18) . To detect 18S rRNA, a 32 P-labeled oligonucleotide (5Ј-ACGGTATCT GATCGTCTTCGAACC-3Ј) was used.
Flow cytometric analysis. Freshly dispersed cells from the mesenteric lymph nodes or spleens were labeled with antibodies, as described previously (15, 34) . Cells were stained directly with fluorescein isothiocyanate (FITC)-conjugated GK1.5 (murine anti-CD4) or FITC-145-2C11 (murine anti-CD3) monoclonal antibodies. The flow cytometric analysis was performed with a FACScan (Becton Dickinson) as previously described (15, 34) . Double-label immunocytochemistry and in situ hybridization. Immunocytochemistry to detect the B-cell-specific B220 antigen has been described before (20) . For the double-label immunocytochemistry, the RA3-6B2 (rat IgG2) antibody (a kind gift of R. Coffman, DNAX Research Institute of Cellular and Molecular Biology, Palo Alto, Calif.) and the rabbit anti-rat horseradish peroxidase were used. Following immunocytochemistry, slides were processed immediately for in situ hybridization.
ConA stimulation test. Cells harvested from mesenteric lymph nodes were resuspended in RPMI 1640-10% fetal calf serum-2 mM L-glutamine-10 Ϫ5 M ␤-mercaptoethanol-antibiotics (penicillin and streptomycin). The cells were stimulated by the mitogen concanavalin A (ConA) at increasing concentrations (from 0 to 20 g/ml) as reported previously (1, 19, 39) . Triplicates were done at each dilution, for each sample. The background (without ConA) was substracted from the mean counts.
RNA extraction and hybridization. Total RNA was extracted (9) and hybridized with 32 P-labeled D30, D34, or the Eco probes, as previously described (19, 38, 39) .
DNA extraction and hybridization. Cellular DNAs were prepared, digested with restriction endonucleases, and hybridized by the Southern technique, as described previously (18, 19) .
RESULTS
Modest susceptibility of C57BL/6 nude mice to the proliferation-inducing potential of the MAIDS defective virus. C57BL/10 and C57BL/6 nude mice, lacking most of their functional T cells, were reported to be resistant to MAIDS (14, 29, 31) . These mice were inoculated with replication-competent stocks of LP-BM5; they developed no splenomegaly or lymphadenopathy and survived for more than 1 year after virus inoculation, in contrast to wild-type mice inoculated with the same virus (14, 31) . However, the fate of the defective virus and the identity of the infected cells in these resistant mice were not studied extensively.
To determine whether the MAIDS defective virus was nevertheless able to infect its target B cells (20) , which develop normally in nude mice (21, 35) , C57BL/6 nude and control euthymic mice were given intraperitoneal injections of helperfree stocks of the MAIDS defective virus: namely, the wildtype Du5H (1, 18, 20) or the chimeric Du5H/Mo-LTR (20, 38) stocks. At 45 or 60 days p.i., all seven euthymic C57BL/6 mice inoculated with stocks of either virus showed a significant splenomegaly and/or lymphadenopathy (data not shown), as previously reported (18, 20, 38) . In contrast, the C57BL/6 nude mice (n ϭ 12) inoculated with the same virus stocks had no significant enlargment of their spleen and lymph nodes compared to noninoculated C57BL/6 nude mice, confirming previous observations (14, 31) .
Because the development of MAIDS has been reported to be dependent on the presence of functional T cells (14, 31, 40) and because nude mice are known to have very few functional (Table 1 ; data not shown).
The presence of the defective viruses in these mice was assessed in lymphoid tissues by Northern blot analysis with the D30 probe specific for the MAIDS defective viral genome. The levels of the expected 4.2-kb MAIDS defective viral RNA were lower in the spleens of the inoculated C57BL/6 nude mice tested than were those found in euthymic control mice (data not shown). With helper-free stocks of the virus, the levels of the MAIDS defective viral RNA or DNA reflect expansion of the infected cells but not cell reinfection (18) . We confirmed the absence of the helper ecotropic MuLV RNA in tissues of these C57BL/6 nude mice by hybridization with the Eco probe (data not shown).
The presence in these organs of cells infected with the MAIDS defective virus was also assessed by in situ hybridization with highly specific riboprobes (20, 38) . In euthymic mice, a significant but variable percentage of infected cells could be detected in lymphoid tissues (spleen, lymph nodes) by using the D30 (for the Du5H virus) or the U3 LTR (for the Du5H/ Mo-LTR virus) probes ( Fig. 1A and E; Table 1 ), as reported previously (20, 38) . A significant percentage of in situ positive cells was also detected in most of the lymph nodes and spleens of most (11 of 12) of the nude mice ( Fig. 1B and F ; Table 1) .
We have shown previously that most of the cells infected with the same helper-free stocks of the MAIDS defective virus are B cells and express high levels of C RNA in their cytoplasm, as detected by in situ hybridization with a C -specific RNA probe (38) . By using the same technique, we found colocalization of in situ signals on two adjacent sections of MAIDS virus-infected livers from C57BL/6 nude mice, when hybridized with the C or the viral probes (data not shown), indicating that the infected cells in the nude mice were also of B-cell origin.
Altogether, these data indicate that a target B-cell population of the C57BL/6 nude mice is infectable by the MAIDS defective virus, despite a very low percentage of functional T cells. However, clinical lymphoproliferation did not develop in these mice, and the percentage of the infected B cells was found to be lower in nude mice than in euthymic mice, suggesting a dependence of the infected B cells on the presence of a large number of functional T cells for their full expansion.
The susceptibility of the (C57BL/6 ؋ BALB/c)F 1 nude mice to the proliferation-inducing potential of the MAIDS defective virus resembles that of C57BL/6 mice. To confirm our previous observations, we studied the effect of the nude mutation in a different mouse background, namely, in (C57BL/6 ϫ BALB/ c)F 1 mice. It has been reported previously that (C57BL/6 ϫ BALB/c)F 1 euthymic mice are also susceptible to MAIDS but exhibit a slightly delayed clinical course compared to C57BL/6 mice (30) . (C57BL/6 ϫ BALB/c)F 1 nude mice and their euthymic littermates were inoculated with the helper-free stocks of the MAIDS defective chimeric Du5H/Mo-LTR virus and were maintained in a pathogen-free isolator for about 125 days.
In contrast to the situation in euthymic C57BL/6 mice and to previously reported data (29) , lymphadenopathy and splenomegaly were not evident in the euthymic (C57BL/6 ϫ BALB/ c)F 1 mice. At 125 days p.i., the lymphoid mass of these MAIDS-inoculated mice was 126.4 Ϯ 17.9 mg (n ϭ 11) compared to 126.2 Ϯ 7.1 mg (n ϭ 4) for the noninoculated mice (Table 2 ). In addition, in situ positive (infected) cells could not be detected with the U3 LTR probes in any (n ϭ 11) of these virus-infected mice (Table 2) , confirming the absence of expansion of the infected cells in these euthymic mice.
Surprisingly, in 5 of 11 (C57BL/6 ϫ BALB/c)F 1 nude mice kept in the same isolator and inoculated with the same virus stock, a significant increase in the size of the lymph organs (nodes and spleens) was clinically evident ( Table 2 ). The mean FIG. 1. In situ hybridization of lymphoid tissues of nude mice inoculated with the MAIDS defective virus. Euthymic C57BL/6 (A and E), nude C57BL/6 (B and F), and nude (C57BL/6 ϫ BALB/c)F 1 (C, D, G, and H) mice were given i.p. injections of helper-free stocks of the MAIDS defective chimeric Du5H/Mo-LTR virus. Spleen (SP) (A to C), lymph nodes (LN) (E to G), and liver (Li) (D) sections were hybridized with 35 S-labeled anti-sense LTR RNA probes (A to G). The liver in panel H is a section adjacent to the one shown in panel D and was hybridized with a C probe. Note the colocalization of the in situ signal (the U3 LTR RNA probes give a lower intensity signal than the C probe). GC, germinal center; CO, cortex. The counterstain is hematoxylin and eosin. Dark-field (A to C and E to G) and bright-field (D and H) sections are shown.
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weight of the lymphoid organs of these infected mice was 267.3 Ϯ 109.9 mg (n ϭ 11), compared to 204.0 Ϯ 13.1 mg (n ϭ 4) for the noninoculated mice, a mean increase of 31% (Table  2) . Such variation in the size of lymphoid organs of infected wild-type C57BL/6 mice has been observed previously (19) . To ensure that these infected (C57BL/6 ϫ BALB/c)F 1 nude mice were developing a typical MAIDS syndrome, an additional parameter of disease, namely, the response of their residual T cells to ConA, a T-cell-specific mitogen, was measured. The ConA stimulation response and the percentage of total CD4 ϩ T cells in the mesenteric lymph nodes of three uninfected and six infected nude mice were evaluated. The few residual CD4
ϩ T cells present in the mesenteric lymph nodes of the noninfected (C57BL/6 ϫ BALB/c)F 1 nude mice (1.8% Ϯ 0.5%) retained a good stimulatory response to ConA, although it was 10 times less than in the normal (C57BL/6 ϫ BALB/c)F 1 mice (Table 3 ). In contrast, the few residual T cells (2.6% Ϯ 1.2%) in five of the six tested (C57BL/6 ϫ BALB/c)F 1 nude mice inoculated with the MAIDS defective virus were hyporesponsive to ConA (Table 3) .
To determine the extent of infection in these mice, Northern blot analysis and/or in situ hybridization were performed with the probes specific for the MAIDS defective virus. The lymphoid tissues of most (C57BL/6 ϫ BALB/c)F 1 nude mice (n ϭ 10) harbor defective viral RNA at very high levels, as determined by Northern blot analysis ( Fig. 2A, lanes 3 to 5) and/or by in situ hybridization (Table 2) . We could also detect in situ positive cells in mice inoculated at earlier times p.i. c Total weight of lymphoid tissues (spleen and various lymph nodes: mesenteric, cervical, mediastinal, brachial, inguinal, and lumbar).
d Number of in situ positive cells, using the U3 LTR RNA probes. Ϫ, no positive cell; ϩϩϩ, Ͼ50% positive cells, as shown in Fig. 1 . SP, spleen; LN, lymph nodes (mesenteric, brachial, inguinal, cervical, mediastinal, and lumbar).
e Clinical MAIDS was obvious macroscopically. days p.i.) that were kept in the conventional room (data not shown). Also, MAIDS-infected cells that infiltrated the livers of (C57BL/6 ϫ BALB/c)F 1 nude mice inoculated outside the isolator colocalized with C in situ-positive cells (Fig. 1 D and  H) . In addition, these (C57BL/6 ϫ BALB/c)F 1 nude mice express high levels of full-length (8-kb) and env-spliced ecotropic MuLV-specific RNA (Fig. 2B, lanes 3 to 5) , which was also present in noninoculated athymic F 1 mice (lane 2), indicating the presence of replicative endogenous helper ecotropic MuLVs in this strain of mouse. This contrasts with the absence of expression of ecotropic MuLV RNA in C57BL/6 mice (lane 1) as well as in euthymic (C57BL/6 ϫ BALB/c)F 1 mice (lanes 6 and 7). Because of the presence of replicating ecotropic MuLVs in these nude mice, the number of infected cells and the levels of defective viral RNA may not result exclusively from the proliferation of infected cells but may also reflect a reinfection process. Although the characteristics of the virushost interaction are no longer the same as those of a helperfree system, these results suggest that in a strain of a different background, the nude mutation is less inhibitory than in C57BL/6 mice inoculated with replicating (14) or nonreplicating (Table 1) MAIDS virus.
We characterized these infected cells further by studying their clonality. We have previously reported that in mice inoculated with helper-free stocks of the MAIDS virus, the proliferation of the infected B cells late in the disease is clonal or oligoclonal, as determined by J H or C gene rearrangements (18, 20) . To determine whether the infected cells present in enlarged organs of these (C57BL/6 ϫ BALB/c)F 1 nude mice inoculated with the MAIDS defective virus represent a clonal proliferation, we hybridized DNA from these organs with the C probe. No C gene rearrangement was detected in any (n ϭ 5) of the MAIDS-infected nude mice screened, in contrast to its detection in a MAIDS-infected control C57BL/6 mouse (data not shown), as reported previously (18, 20) . This result suggested that the population of B cells infected with the MAIDS defective virus is still polyclonal, a phenotype consistent with reinfection occurring in these organs. Although the unexpectedly large number of infected cells in the (C57BL/6 ϫ BALB/c)F 1 nude mice kept in the isolator is likely to reflect continuous reinfection via the presence of helper ecotropic MuLV in these mice, it nevertheless occurs despite a reduced number of peripheral T cells. Indeed, the percentage of CD4 ϩ T cells of the spleens or the lymph nodes of these mice was low compared to that of euthymic littermates, as expected (Table  3 ; data not shown).
Altogether, these results indicated that in a pathogen-free environment, the nude mutation in the (C57BL/6 ϫ BALB/ c)F 1 background did not prevent the infection of target cells by the MAIDS defective virus and the development of MAIDS, in contrast to its inhibitory effect in the C57BL/6 background.
Modest susceptibility of CD4 ؊/؊ knockout C57BL/6 mice to the proliferation-inducing potential of the MAIDS defective virus. It has been reported that the presence of CD4 ϩ T cells is required for the development of MAIDS (14, 40). As seen above, T-cell-deficient nude mice bred from two distinct backgrounds are infectable by the MAIDS defective virus and exhibit a low to modest susceptibility to the disease. However, as seen by FACScan analysis (Tables 1 and 3 ; data not shown), these mice harbor a low percentage of CD4 ϩ T cells, which may contribute to the infectivity of the target cells.
To determine whether CD4 ϩ T cells are essential for the infection of target B cells, C57BL/6 CD4 Ϫ/Ϫ knockout mice (n ϭ 10) and their control heterozygote or normal (n ϭ 19) littermates were injected with helper-free stocks of Du5H/Mo-LTR MAIDS defective virus. To ensure that the knockout mice were typed correctly, FACS analysis was performed for each mouse at the time of sacrifice (65 days p.i.). In contrast to their CD4 ϩ littermates, which harbored a high percentage of CD4 ϩ T cells (22.5% Ϯ 6.0%) ( Table 4) , none of the knockout mice had CD4 ϩ T cells in their mesenteric lymph nodes ( Table  4) . As expected, all heterozygotes (ϩ/Ϫ) and normal mice (ϩ/ϩ) developed MAIDS, as documented by the enlargement of their lymphoid organs (406.3 Ϯ 171.3 mg), compared to uninoculated age-matched controls (155.7 Ϯ 5.7 mg) (Table 4) . However, the spleens and the lymph nodes of the CD4 Ϫ/Ϫ knockout mice were not significantly enlarged (151.0 Ϯ 24.2 mg), indicating that the presence of the CD4 ϩ T cells is required for the development of the lymphadenopathy and splenomegaly seen in MAIDS.
To determine whether cells were nevertheless infected in these mice, we performed in situ hybridization on tissue sections of their lymphoid organs. All the heterozygotes and the normal mice harbored a moderate to a high percentage of infected cells in their lymph nodes and spleens ( Fig. 3A ; Table  4 ), as previously reported (20, 38) . Interestingly, the lymphoid organs of the CD4 Ϫ/Ϫ mice also harbored infected cells, but in smaller numbers (Fig. 3B , C, and F; Table 4 ).
The presence of the defective viral genome in these organs was also assessed by Northern blot analysis with the D30 probe. The 4.2-kb MAIDS defective viral RNA was detected in the spleen of some CD4
Ϫ/Ϫ knockout mice tested, although in most mice it was present at a lower level than in the heterozygote or normal control littermates (Fig. 4A, lanes 1, 2, and  7) . We confirmed the absence of replication-competent ecotropic MuLV in these mice by hybridization of the same filter with an Eco probe (data not shown).
The identification of the infected cells was first assessed by in situ hybridization with a C -specific RNA probe, as described above. We found colocalization of the in situ signals on two adjacent sections of the same lymph node tissue hybridized with the C or the viral probe ( Fig. 3C and G) , indicating that the infected cells in the CD4 Ϫ/Ϫ knockout mice were probably of B-cell origin. To confirm the identity of the infected cells, we performed double-label immunocytochemistry and in situ hybridization with the B-cell lineage-specific B220 antibody. Most of the in situ-positive infected cells exhibited a weak immunostaining with B220 (Fig. 3D) , as shown previously for normal C57BL/6 mice inoculated with the same helper-free MAIDS defective virus (20) , confirming that the infected cells belong to the same B-cell lineage as in wild-type mice.
Altogether, these data suggest that the target B cells of the MAIDS defective virus can be infected in the total absence of CD4 ϩ T cells. Because these mice harbor a smaller number of infected cells than their control heterozygote or normal mice, these results suggest that CD4 ϩ T cells are required to trigger the full proliferation of these infected B cells and the subsequent development of the other manifestations of MAIDS.
SCID mice are resistant to MAIDS. It has been reported that mice depleted of mature B cells by treatment with antiIgM antibodies (4) or as a result of a deletion of the gene (24) become resistant to MAIDS. We have also previously shown that most of the proliferating cells infected by helperfree stocks of the MAIDS defective virus belong to the B-cell lineage present in peripheral tissues (20, 38) .
To determine whether the MAIDS defective virus was able to infect precursor B cells in the absence of mature T cells, as the Abelson MuLV does (13), we inoculated the mutant SCID mice. In these mice, mature T and B cells do not develop normally and only immature T and B lymphoid cells are present (3, 10, 11, 37) . Ten C57BL/6 SCID mice (susceptible background), six BALB/c SCID mice (resistant background), and five euthymic C57BL/6 mice were inoculated with helperfree stocks of chimeric DU5H/Mo-LTR or the wild-type Du5H defective virus. The mice were killed at 3 months p.i., a time sufficient to allow MAIDS to develop (38) . Respiratory failure was observed in the SCID mice due to late infections. At autopsy, multiple abscesses were found in the lungs and livers of the SCID mice, but their spleens and lymph nodes appeared relatively normal. In contrast, splenomegaly and lymphadenopathy were evident in the euthymic C57BL/6 mice (data not shown), as expected and as shown above.
In situ hybridization of the organs revealed no infected cells in the lymphoid tissues ( Fig. 5B and C) , in the lungs (Fig. 5D  and E) , or in the livers (data not shown) of these SCID mice of both strains (n ϭ 16). In contrast, and as expected, the lymphoid tissues of the inoculated wild-type C57BL/6 mice were all positive by in situ hybridization (Fig. 5A) . These results indicated that SCID mice are unable to sustain the infection and/or proliferation of the target cells of the virus.
It has previously been reported that peritoneal macrophages were infected in mice given injections of the replication-com- petent LP-BM5 MAIDS defective virus stocks (5, 8, 40) . However, using the same in situ hybridization technique as the one used for the present experiments, we were not able to detect infected peritoneal macrophages harvested from diseased C57BL/6 mice inoculated with helper-free stocks of the MAIDS defective virus that were induced by mineral oil inoculation i.p. 2 days prior harvesting the cells (38a).
To further confirm our results, we studied the state of infection of macrophages in SCID mice inoculated with helperfree stocks of the MAIDS defective virus. In SCID mice, macrophages are morphologically and functionally normal (2) and would be expected to be infectable, unless such infection requires the presence of T and B cells. Macrophages were not infected in our C57BL/6 and BALB/c SCID mice inoculated with helper-free stocks of the MAIDS defective virus, and numerous in situ negative macrophages in the lungs and liver of these mice were observed (data not shown). These results indicated that macrophages are not a target cell population of the MAIDS defective virus in SCID mice, confirming a result obtained in Ϫ/Ϫ knockout mice (24) .
DISCUSSION
T-cell-deficient nude mice exhibit some susceptibility to the MAIDS virus. We used mutant nude mice lacking most functional T cells to study the role of T cells in the development of MAIDS. The C57BL/6 nude mice inoculated with the MAIDS defective virus showed less splenomegaly and lymphadenopathy than their euthymic counterparts, confirming previous reports (14, 31) . Moreover, infected cells in the lymphoid organs of our inoculated C57BL/6 nude mice were, for most mice, less abundant than in wild-type mice but were nevertheless present. In contrast, Giese et al. (14) found that the levels of the MAIDS defective viral RNA in C57BL/6 nude mice were comparable to those detected in wild-type mice. The expansion of the infected cells in several strains of mice has previously been shown to be an important parameter of the MAIDS disease (19) . The presence of a significant number of infected cells in C57BL/6 nude mice, at least those inoculated with helper-free viruses, suggests that their infection and initial proliferation is not totally dependent on CD4 ϩ T cells or depends on a very ϩ T cells has indeed previously been reported to be essential for the development of MAIDS (14, 40) .
Surprisingly, the effect of nude mutation on mice of a different background i.e., (C57BL/6 ϫ BALB/c)F 1 inoculated with the MAIDS defective virus was distinct. These nude mice were much more susceptible to the virus than were their euthymic littermates maintained under pathogen-free conditions; they developed splenomegaly, lymphadenopathy, and anergy of their residual T cells. In addition, a large number of infected B cells was present in their lymphoid tissues whereas the euthymic mice were almost totally resistant to the disease. The resistance of the euthymic (C57BL/6 ϫ BALB/c)F 1 mice to the development of MAIDS was unexpected, as these mice had previously been reported to be susceptible to the disease (29) . One explanation for these apparently conflicting results may be the absence of endogenous ecotropic helper MuLV in these mice and the use of helper-free stocks of virus in our experiment and of helper-competent stocks by others (29) . Alternatively, the different results may reflect the conditions under which these animals were kept, more specifically in a germ-free isolator in our experiment. In some instances, it appears that cofactors play an important role in the development and progression of MAIDS (24a). The resistance of these euthymic mice to MAIDS may also be immune system mediated and may reflect the clearance of the virally infected B cells by cytotoxic CD8 ϩ T cells. Indeed, cytotoxic CD8 ϩ T cells have previously been found to be responsible for the resistance of A/J mice to MAIDS: A/J mice depleted of their CD8 ϩ T cells became highly susceptible to MAIDS (26) . The unexpected susceptibility of the (C57BL/6 ϫ BALB/c)F 1 nude mice to MAIDS remains unexplained and may be related in part to the presence of helper MuLV and in part to their low levels of CD8 ϩ T cells.
CD4
؉ T cells are not required for the initial phase of MAIDS but play a role in the second-phase expansion of the lymphoid organs. In experiments involving studies in nude mice, it has previously been shown that CD4 ϩ T cells are essential in the development of MAIDS (14, 40) . Our results further extend this previous work by showing that this requirement for CD4 ϩ T cells occurs in a later phase of the disease. Indeed, our experiments with nude mice suggest that CD4 ϩ T cells are not required for the infection and initial polyclonal proliferation of B cells seen in MAIDS. However, these nude mice still harbor a low percentage of CD4 ϩ T cells, which may have contributed to the infection and the slow expansion of B cells that was observed in these mice. We used CD4 Ϫ/Ϫ knockout mice and found that CD4 ϩ T cells were not required for the initial infection and proliferation of B cells. These knockout mice harbored a significant number of infected B cells in their lymphoid organs, and high levels of the 4.2-kb MAIDSspecific defective RNA could be detected in some of them. Interestingly, these CD4 Ϫ/Ϫ mice did not develop the splenomegaly and lymphadenopathy characteristic of the MAIDS virus-infected CD4 ϩ littermates. Moreover, the percentage of the MAIDS virus-infected B cells was in general lower in these CD4 Ϫ/Ϫ knockout mice than in their CD4 ϩ littermates. Altogether, these data suggest that CD4 ϩ T cells are required to trigger the full development of MAIDS. Although the CD8 ϩ T cells from CD4 Ϫ/Ϫ mice have previously been shown to act as "helper" cells (25) , the helper function of these cells does not appear to be significant for the full development of MAIDS, which was prevented in CD4 Ϫ/Ϫ mice. We have previously observed that in mice inoculated with helper-free stocks of the MAIDS defective virus, the degree of enlargement of the lymphoid organs does not correlate with the number of infected B cells in these organs (18, 20) but, rather, depends on the expansion and/or recruitment of noninfected cells. The present results with the knockout mice would suggest that CD4 ϩ T cells play a critical role in this second-phase expansion of the lymphoid organs.
Therefore, studies with nude and knockout mice have helped to distinguish two phases in the development of MAIDS. The first phase appears to involve the infection and the initial polyclonal proliferation of the infected B cells. This phase appears relatively CD4 T-cell independent. The second phase seems to be more dependent on CD4 ϩ T cells and involves the rapid enlargement of the lymphoid organs. This expansion most probably results from the proliferation and/or recruitment of noninfected cells, as well as a further proliferation of the infected B cells. As a low percentage of infected B cells is sufficient to trigger T cells into a hyporesponsive state (38) , the proliferation of the infected B cells may represent a more stringent marker of disease progression than the lymphoid organ enlargement.
Role of B cells in the development of MAIDS. In our experiment with the C57BL/6 and BALB/c SCID mice, we found that these mice were resistant to MAIDS, because they did not harbor cells infected by the MAIDS defective virus and did not exhibit other signs of disease. Since these mice are deficient in mature T-and B-lymphoid cells (3, 10, 11, 37) , two hypothesis may explain our findings. First, the absence of functional CD4 ϩ T cells may prevent the infection and/or expansion of cells of the B-cell lineage which are still present in these mice (pre-B, pro-B). This hypothesis seems unlikely, however, since infected B cells are detectable in nude mice which have a very small number of T cells, and in CD4 Ϫ/Ϫ knockout mice which lack CD4 ϩ T cells. Second, the target B cells of the MAIDS virus may not be present in the SCID mice. This latter hypothesis is more consistent with previous data. We have indeed found that the majority of the target cells infected by the MAIDS defective virus are relatively mature B cells, having C and/or J H Ig gene rearrangement, expressing cytoplasmic C RNA and being located in the peripheral lymphoid organs and not in the bone marrow (20, 38) . In addition, it has been shown that mice depleted of their mature B cells by treatment with antibodies against IgM or Ϫ/Ϫ knockout mice, whose B-cell development is arrested at the pro-B stage, were resistant to MAIDS (4, 24) . Altogether, these data suggest that the primary target cells of the MAIDS defective virus are relatively mature peripheral B cells.
